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(54) Title: MEMBRANE CATALYST LAYER FOR FUEL CELLS 



(57) Abstract 

A gas reaction fuel cell (10) incorporates a thin catalyst layer (22) between 
a solid polymer electrolyte (SPE) membrane (26) and a porous electrode backing 
(18). The catalyst layer is preferably less than about 10 urn in thickness with a 
carbon supported platinum catalyst loading less than about 0.35 mgPt/cm 2 . The 
layer (22) is formed as an ink that is spread and cured on a film release 
blank. The cured film is then transferred to the SPE membrane (26) and hot 
pressed into the surface to form a catalyst layer (22) having a controlled 
thickness and catalyst distribution. Alternatively, the catalyst layer (22) is 
formed by applying an Na+ form of a perfluorosulfonate ionomer directly to 
the membrane (26), drying the film at a high temperature, and then convert- 
ing the film back to the protonated form of the ionomer. The layer (22) has 
adequate gas permeability so that cell performance is not affected and has a 
density and particle distribution effective to optimize proton access to the ca- 
talyst and electronic continuity for electron flow from the half-cell reaction 
occurring at the catalyst. 
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MEMBRANE CATALYST LAYER FOR FUEL CELLS 

This application is a continuation-in-part of U.S. 
Patent application S.N. 07/656,329, filed February 19, 
1991. .. 

f ^ ryr.ROUN? n T jnvtihtion 
This invention relates to fuel cells and, more 
particularly, to catalyst loadings for solid polymer 
electrolyte fuel cells. This invention is the result of .a 
contract with the Department of Energy (Contract No. 

10 W-7405-ENG-36).. . 

Fuel cells are energy conversion devices presently 
being considered as one alternative to internal combustion 
engines. One type of fuel cell uses a solid polymer 
electrolyte (SPE) membrane, or proton exchange m.abrane, to 

1S provide ion exchange between the cathode and anode 
electrodes. Gaseous fuels may be used within the fuel 
cell, particularly hydrogen (H 2 ) and oxygen (0 2 ) , where 
the electrodes are formed of porous conductive materials, 
e.g., woven graphite, to enable the fuel to disperse over 

the face of the SPE. . 

SPE fuel cells offer many advantages over liquid 
electrolyte fuel cells, including greater ultimate power 
densities, lower operating temperatures, and longer 
operating lifetimes. SPE materials are also generally 
resistant to corrosion and easy to incorporate into fuel 
cell structures. However, the anode and cathode half-cell 



20 



25 



SUBSTITUTE SHEET 



WQ 92/15121 



PCT/US92/01058 



Hons H, and 0, reactions, respectively, require 
ZZTZ' to Proceed at useful rates. As desert in O S 
Patenf .876.115, issued October 24, 198,, and incorporated 
herein by reference, catalyst materials were first, 
iterated by hot pressing the trials directly into 
to e Surface of the SPE membrane. Useful current densit es 
Z conventional SPE fuel cells were achieved only with high 
"talyst loadings, e.g., 4 mg Pt/cm . Since the catalyst 
materials are from the platinum group, with platinum being 

Mle " cells (herein 

the preferred catalyst, these SPE fuel ce i 

referred to as CE/HS-UTC-type fuel cells) have not been 
cost competitive with other energy sources. 

The '115 patent is directed to reducing the required 
platinum loading where the platinum is provided 
loaded carbon particles on a carbon cloth or carbon paper 
electrode substrate bound together by a hydrophobic 
^mponent. such as polytetrafluorethylen. (PTFE) . The 
catalyzed sides of the carbon electrodes are impregnated to 
a depth of about 10 with a solubilised form of the 

SPE to increase the access of the eiectrolyt. to the 
platinum within the Pt-c/teflon catalyst layer. Indeed, 
catalyst loadings down to 0.35 mg,cm> of SPE area are 
reported to provide performance eguivaient to conventxonal 
fuel cell catalyst loadings of 4 mg/cm . 

The platinum catalyst is, however, not efficiently 
utilised in the prior art structures, it is difficult to 
match the impregnation depth of the SPE with the erratic 
thiclcness of a typical catalyst layer. This results in 
areas that are not fully impregnated and other area, where 
, the SPE material extends deeper into the electrode than the 
catalyst layer and impedes gas diffusion through the 
electrode. Further, the hydrophobic binder bloc.es proton 
and oxygen access to catalyst sites in cathode electrodes. 
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Another problem with prior art fuel cells is 
differential swelling between the SPE and the catalyst 
layer arising from the differing hydration characteristics 
between the hydroohilic SPE membrane and the carbon-based 
05 electrode structure. Delamination can occur between the 
III membrane and the electrode with a resulting 
discontinuity in the ion path and decreased cell longevity. 

These problems are addressed by the present invention 
and a catalyst- layer-is provided adjacent a fuel cell SPE 
10 that is hydrophilic contains substantially no pities is 
uniformly thin, and contains a uniform ratio of binder 
ionomer to supported catalyst. . , . 

Accordingly, it, is an object of the present invention 
to provide a SPE fuel cell with relatively low supported 
,5 catalyst loadings with no reduction in performance. 

It is another object of the present invention to 
provide uniform continuity of electronic and ionic paths 
about all of the catalyst sites. 

Still another object of the present invention is to 
provide a uniform dispersion of the supported catalyst 

layer in the binder layer. 

One other object of the present invention is to improve 
the bonding between the' SPE membrane and the catalyst 

^^yet another object of the present invention is to 
provide a thin catalyst layer for adequate oxygen transport 
to all the catalyst sites through the ionomer binder 
material. 

Additional objects, advantages and novel features of 
the invention will be set forth in part in the description 
which follows, and in part will become apparent to those 
skilled in the art upon examination of the following or may 
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be learned by practice of the invention. The objects and 
advantages of the invention may be realized and attained by 
means of the instrumentalities and combinations 
particularly pointed out in the appended claims. 

gTT Wr&PY OF iHE TWVENTION 

To achieve the foregoing and other objects, and in 
accordance with the purposes of the present invention, as 
embodied and broadly described herein, the apparatus of 
this invention may comprise a gas reaction fuel cell having 
10 a solid polymer electrolyte for separating anodic and 
cathodic electrodes, wherein the improvement comprises a 
film of a proton conducting material with a thickness less 
than about 10 „m and having a supported platinum 
catalyst uniformly dispersed therein with a P^num 
loading less than about 0.35 gm/cm*, where said film is 
disposed between the solid polymer electrolyte and at least 
the cathodic electrode. A preferred film thickness is less 
than 5 pm. 

another characterization of the present invention, a 
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n SPE fuel cell using hydrogen and oxygen is formed with a 
• catalyst layer fabricated as a separate unit. A selected 
loading of supported Ft catalyst is uniformly dispersed m 
an ionomer that is effective for oxygen permeation and for 
ion transport, where the resulting mixture is formed as a 
25 thin film- The thin film is then transferred to the 
surface of a SPE membrane. The fuel cell is completed by 
urging a porous electrode structure against the catalyst 
film for oxygen transport through the ionomer to the 
catalyst sites. 



^fcpCT/DS92/01058 

WO 92/15121 W 



, anothe r characterization of the present 

In yet another . ,„ acn and oxygen is 

■ <;pe fuel cell using hydrogen an« 

invention, a SPE r . ^ luoros ulfonate icnomer 

formed using a Na , UDD orted Pt catalyst and 

05 a solvent are "™ £ °™ ly ^ u applied to ton. a layer 
ionomer to form an ink. The UK P ^ ^ 

fhe SPE BienvDrane , 
over a surface of the 5 empera ture of at least 

catalytic layer on the SPE membrane. 

nTTTrr rnrgrBTPTION OF THE DRAWINGS 

PT TF F * + , . incorporated in 

» - -^^nSr^Stl^ Ulustrate an 

ana for. a part of P ^ the 

«boai»"t of the Presen ^ pri ncl Pl .s o £ the 

description, serve 

mention In the ar.-in,- ^ ^ ^ ^ ^ . 

str ~ in r—e with one e—t of t h e present 
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invention. pictoria l illustration showing a 

25 present invention perfo „anoe of a thin 

C ata-:r fi 9 :rt/o :^ - f — 

FIGURE g P mgP t/cm 2 on a second 
30 catalyst films with 0.15 



SPE. 
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n gPt/cm 2 . depicts the performance of a fuel 

FIGURE 5 graphically aepi cat alyst 
ce il with a high-temperature formed, thin tx 
cell witn. * ~ /cm 2 /elec trode on Membrane «C«. 

layer with 0.17 gm ^ fcs ^ performa nce of a fuel 

F1G Z I higf - Mature ' formed, thin film catalyst 
cell with a high t j Dow membran e. 

layer with 0.13 mg ^ . specific activity 

feU according 'to the present invention and 
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from 

prior art fue?. cells 



^^^"""T^T the present invention, a gas 
i5 In accordance with th ^ ^ ^ 

reaction fuel cell in ele ctrolyte membrane fo 

cathode surface of a solid P ^ ^ th. 

° Pti T f ^lSS-1^" - ~» in Figures 1 and 
amount of the xnclud three criteria necessary 

20 ^ Tatalyst tf efficiently contribute to the 

lor -a -catalyst c proton access to 

electrochemical processes in a fuel cell. P 
che catalyst. ,as access, an, electro- o - -ty^ ^ 
cell assembly "J^^J electrolyte (»> 

25 g „ oxidizer source £ J* ' structure u an a 

" " Sod! "eking structure a. and at least catalyst 
porous cathode backing invent ion, between the 

layer 21. according to t P ^ R ^ 

cathode surface °< ^yst layer 30 nay be disposed 

30 UnderSt ~ ran rL and anode backing structure The 

between membrane <LS. 
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,=olies also to catalyst layer lfl, 
>r e,oin, *'~"£" or th e ano de may be only about 

one-half the cataiys formed as a film of an 

struccure . catalyst layer^ * »^ , (pt) 

05 pr oton conductive i ln ^nomer a to assure 
catalyst 21 U " lf °™ ly '^n*, aepth ot the catalyst Is 
thai a uniform and » dense £ilB of lo „o.er 

maintained. The resulting film » ^ 
„ an, supported cata yst *x. ^ ^ 

10 substantial voids ^ MCess o£ t he dit fusin, 

additives, such as JTTE, the ^ ^ 

, a s and protons « *he > ned through porous cathode 

the Pt catalyst sites is fe iom>ffler a , 

backing structure IS and by „ lononer , 

A suitable ionomer, such as a perf 
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A Ticient oxygen permeability that a diffusion pathway 
of Txo T does not introduce any significant 
length of 5 10 ^ til „ for en oxygen ges. 

oxygen transport losses through the f effect3 ot 

Proton P^«"- ^ J thc relat ionship between 
electrolyte layers » well tlal . M wit hin 

volume fraction of ionomer » a P catalyst layer 

, * !.„<„- indicate that an optimum catalyst j. , 

catalyst layer ii, md ^ ^ ^ , „ igh 

22. is very thin, i.e., i the ion0 mer 25 

— ^sity of supported partio les 

^ r:: : - — • - 

21 «. nath through catalyst layer 21- A 

reSi :r nC 'rat e i 6 r bou 1=3 pe'rfluorosulfcnate ionomer 

weight ratio °J supported Pt. A dense 

Term tie substantially free of cavities or 

fl " ! l! that will lower the ionic and electronic 

ISLES: « - that the thiokness 
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«H.ixed when the thickness is equal to the 
of film 22 is £ wcfcion at anygiV en 

active region for the n ^ on the basis of the 

current density and » a * * to match the catalyst 

expected operating charaCt ^ e " ating currcn t density, 
thickness with a P~^™* ^ 

In one. embodiment, film 22 \. so lubilized 
preparation including the decomposab le 

ionomer. and one^ o _ & visc0 sity suitable for. 

suspension -terxals t P ^ & 

film ^- n ; aye ^ to provide . preselected concentration 
one or more layers to P ^ follows: 
of catalyst. A preferred protocol is 

PROTOCOL I 

u'li^ nerfluorosulfonate ionomer, 

such as Hafi- <" Soiution Techndooy. Inc., 

Hcours) in 5% solution (f ^ £ro] „ 

3. Agita-ce form the 

— — r:: sir r ~x «. — 
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fixture to a viscosity suitable 

25 bla ^* Clean a release blank of teflon film and coat the 
Clean a (e g> f a TFE 

blank with a thin la * er ink and bake in an 

spra y) . Paint the blank with al, ^ 
_ _*. until dry. AUU J 



oven at 135°C until dry. 
30 catalyst loading is achieved. 
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5 rom an assembly of a poller electroXyte 
„„*.r electrode (anode electrode), and the 
rrVr Place the assembly -to a conventional^ 



coated blanK. «..,'«.*. m-ess heats to a 

pr ess and lightly load the press „t* a threes h.^ ^ 

"*°T' cool the assembly and then peel the release blanK 
£to . the film, leaving the film adhered to the SPE membrane 
„ osthode surr.ce ^ ( , 

ur ged' against the films during fuel cell assembXy to for. a 
diffusion hacXin, for «- ^"^^ST^ 

" Sh ° Uld lentTs a sur clTand -P— 
15 r :L Tupped caLlyst particles. However the 
-Usion of the Hafion ^ ^^J^ 

rntr/on t-sl % .* r -s 2 r t r^ 

20 and solubilized Nafion together before the w 

gly cerol fixture is added herein 
One advantage of the dense * tne 

described is proved bonding of the catalyst lay 
SPE ^rane and continuity of the proton path ^e 
■ „f the SPE membrane increase considerably upon 

25 arsons of the Mterial , whereas the 

hydration of the ny P conV enticnal 
relatively rigid carbon matrix o 
oas-diffusion electrode structures dees not 
Lnge pensions upon hydration ^^TJ^Z 
30 u included within the carbon electr 

ca be^se! P affected. The dense catalyst 
e^ according to the y esent invention includes a 
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i a large fraction of tfre catalyst 

srr — - 

ewa „sions -..r ^atxon ^ without 

one disadvantage suitable ionomer 

.at.ri.ls,, sucb^ ^ exanple _ . s not Mlt 

integrxty for reea3t catalyst layer fil» 

r C Tof har tn structural integrity of connercial 

10 sjsj: — ity 'iti^zt^z 

aiscoloration' and degradatxon but tbe in 
„ structural integri ty is bene c ^ which is 

r:lll S T - - c e Strode wbere water 

r concern » ^itable tr..tn.nt is thirty ninutes 

exposure at »°- 135 °<\ the structural integrity of 

20 * n ° th « aP f MCh * ! introduce a binder material 

tbe catalyst layer ^ electroae structure 

that readily <>"e* rSeS ™ ' , t low volU se fractions 
and inparts structural ^ signitic ,ntly 

sucb tbat peror^n -e ^ ^ ^ 

25 xnpaxred. * ce of the glyc erol in foming 

CZ r s "Ian/ nature of tbe PV A prcvides for 
dispersion anon, tbe supported catalyst parti. 

r: i:nrnon~at::^ 1**2- — ~ 

>° wis 1: --^r^ ^ r been 

formed with PVA concentrations oz iu 
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in another embodiment of the present invention, the 

acid - c tr:: + rrr- — . — 

U "" 9 Hafion to for. a fil» application to membran. 26 
° "I education to membrane ZS. "here membran. 2& 
or for direct >^™r. 

18 in " cured at a temperature of at laa.t 15 0°C, and 
lay er is cured at P catalyzea »embrene 

preferably at 1«» • ^ ^ „ +; i-e ., 

10 -rted. 15 .rr^plete the cataly,.d membrane 
assembly. * preferred protocol is aa follows. 

PROTOCOL II 

* mixture of Nafion and catalyst as 
1. Prepare a mixture 

» aes r Mo m.: 1 ai:r : l f ~ « - 

„ix will to convert the Nafion to the Na + form. 

3 Form an ink as in steps 2 and 3 of Protocol I. 
4 ' Provide a membrane of Ha* Hafion by soaking a 
protonated membrane in a solution of NaOH, followed by 
20 rinsing and drying or by procuring the membrane in a Ha 

• ° r \ £0r Ipply the ink directly "to one side of the 
Jlne The amount of catalyst applied to the membrane 
determine! from the amount of ink transferred to the 
25 " « Wcllly. two coats are required to obtain the 

n red' Ct7y t ceding. In one method of drying the ink. 
^e Ink-coated membrane is placed on a vacuum table having 
T fine sintered stainless steel filter on top of a heated 
a fine sinter sllico ne blanket having a cut-out 

» ™t h r oi the membrane area to be inked is placed 

"er membrane to seal the uncovered areas of the vacuum 
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fc mbrane The vacuum table is operated at 
tab le about ^; e ^ an i e e ; st 150 o c , and preferably about 
a temperature of at Tlie vacuum appears to 

16 0°C, as the inK is solvents ln the in* 

prevent distortion of the high -temperature 
, a na to yieia. smooth^ «— : atllyst .aver 

application ana aryrn, P^ ^ ^ ^ elastie . 
to B film of high i*V ^ ^ ^ „ the same 

The second . side 01 ^ 
, ^T' Optionally, the assembly is hot pressea at 70-sO 
■ atm at 1SS°C for about •• ^ ^ ^ protoMted 

7 . Tne assembly ^ CO d rlns ing in 

form by lightly boiling it in 2 . 

, . ' ^ The assembly is air UJ - 
deionized . water. The a as in step 7 of 

IS with an uncatalyzed porous electrode 

Protocol I. o ink (Steps 1-3, above) 

Alternately, the Na f ^ , to forn a separate 
and membrane may be used in 

cataxyst film for application t< > ^™ ^o» films to 
30 - ^T^Z "I generally suggested in 

lm prove film "^ur. for Preparing Solution-Cast 
Moore- et.- al., Proce He ^ ra nes. - 5a Anal, 

perfluorosulfonae mer , lncorporated 

Chem., PP- »•» *» l sug , est s that solvents such as 
25 reference. The article 99 eguiv alent properties 

dl methyl --f^°Te c^ ro". Tut at lower process 
to gl ycerol solvents aescri^ ^ 

temperatures. m ^5,, and g iy Cer ol 

eguivalent cell 'f^"^. a ^ooa suspension meaium for 
- S ° 1V£nt Uos ToL :: rta/ Irm a gooa solution for a 
rrayt^ati: of ink to the membrane surface. 
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Figures 2-7 graphically depict the performance of fuel 
cells prepared according to the present invention. All of 
the ink formulations were prepared using supported 
catalysts of 19.. wt* platinum on XC-72 carbon powder 

05 (Prototech, mixed with Nafion. The cathode octroi., tor 
Bating with the catalyst layer were conventional PTFE 
bonded electrodes with no catalyst (Prototech, . The fuel 
cells whose performance is shown in Figures 1-4 have 
cathodes prepared according to Protocol I and include 

10 conventional anodes (Prototech) with a catalyst loading of 
0.35 mg Pt/cm* Plus a sputter coat of 500 A pt. It 
wi ll be understood that conventional anode electrodes were 
used to provide performance comparisons of cathode 
electrodes. 

The anode catalyst loading is not expected to have any 
1 significant effect on cell performance, Indeed, the fuel 
cells whose performance is shown in Figures 5 and 6 xnclude 
high temperature catalytic layers on both the cathode and 
anode faces of the membrane. both catalytic layers 
, n incorporated equivalent catalyst loadings, e.g., 0.13 mg 
Pt/c»2, for a total cell loading of, 0.26 mg Pt/cm* of 

electrode surface. ^ 

Figure 2 graphically depicts the voltage vs. current 
density curves for fuel cells having conventional Prototech 
„ anodes, Nafion 117 (7 mil thick) SPE membrane, and a 
cathode assembly with a catalyst layer produced by mixing 
Pt/C catalyst and Nafion and hot pressed onto the SPE 
r»*alv S t loadings of 0.20 and 0.35 mg Pt/ciu 



30 



membrane. Catalyst loadings 
are compared using both neat oxygen and air as the 
oxidant. It is readily seen that the thinner catalyst 
layer (0.20 mg Pt/cm 2 ) performs somewhat better than the 
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owo. 2 ) at higher current 
thicker m> CO.M «« 7 urre l t dens ities, the active 
densities. »t th. , h rgher cu r . ^ ^ ^ ^ fU . 
reg ion of the catalyst ™ ^ transfe r losses 

tnicXness 1. «tUl»d « and performance decreases. 

o£ Figure 2. except that th ^ Inc. 

(a parflucrosulfcnate membrane t ^ ^ ^ g ^2 

of Japan). ..Catalyst 1— ■ oxygen and air as 

are cohered, again ^ ~. tant wlth the result* 

l5 oxidizers. The results " ^.ne. with lower 

.r rr n z - hi * her ^ 

potentials from cne 

densities. f cells de picted in both 

™ Performance^ of J ^ ^ ^ ^ 

20 Figures 2 and 3 ^ catho<Je assem blies or of 

with conventional Pr catalyst with much higher 

^ USin ; J ^.T particularly co-pares the cell 
Pt loadings Figure P e o£ . thin catalyst 

voltage vs. current P * 2 with a ce ll having the 

2S with a leading ef 0.15 ™ * Octroi* to a loading of 
. catalyst included in a carhon el^ ^ ^ ^ 

^stantUl parity in performance is readily 

apparent. cells formed by a direct 

30 The performance of ^ ^ ^ . g shown in 

application of a _. re 5 depicts the performance of the 
Figures 5 and 6. riy 
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*v^r> film formed on Membrane "C" 

" s at ^ ^ t the performance of the separate 
STfl » ce U * in 

thl " f t tne high-temperature, thin film formed on a 

06 performance of the nig r pr-tocol II, wherein an 
-Bow. membrane according^ to ^~ o1 1 BeBbrane 
improved cell performance i» obtained The Do 

- - — r-It "nt tnat a low Pt 

epical company t » *> ^ generate 

10 loading of 0.13 mg / ,.. /r _2 at a cell voltage 

Ocularly, "hat such a !o. loading is effective to reach 
TceU "Xe of 0.S5V at i A/cm* for ceils operated on 

15 '""fTurther illustrate the significant increase in 
catalyst utilization efficiency afforded by the Present 
T IZ, Fioure 7 depicts cell voltage as a function of 
invention, Figure « v ,»,_„ptl for fuel 

the specific activities of the cathodes (A/mgPt) for fuel 
-Us with four different cathode catalyst configurations: 

20 a a thin film catalyst loading of 0.15 mg Pt/cm> as 
1 „t herein- (2) a high-temperature thin film with a 

. taught herein, <2> 9 - 2 lied directly to 

catalyst ^ding ^of .. 3 m, Pt/cm ^ 

rect/rTth « - - ^ ana 

25 electrode witn j GE/H s-UTC-type cell with 4 mg 

500 A Pt coating; and (4) GE/HS uit ^yF 

i * h rt * nressed into the SPE. It should 

Pt/cm 2 (unsupported) hot pressed in* hard ware, 

be noted that the GE/HS-UTC-type cell has hardware 

and operating conditions that are 
membrane design, and ope y 

30 significantly different from the ^ The 

performance .-mp™ ^ ^ ^ ^ 

differences in the speciric 
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^ e arlv significant, with the thin film 
electrode are clearly sigm , present 

. ^ ^ai-aivst layers according to we f 

- * utIli " tlon of the " 

05 Cata ^; * v»lbe aPPrecU^at J— — 

H<«h catalvst utilization by tne J.»f 
obtain? a high , r with low pt loadings 

oonstruction of the catalyst lay ^ 
primarily involving increased intact ar ^ 
polymer electrolyte and the Pfc » 
10 contact area is increased in two • ™* s . Mst 
^.talvst and the ionomeric additive 
supported catalyst the 

together to form rn ,_,.„,„ eliminated and the 

hydrophobic .additive is completely e l"" M catalvst 

-„ iintformlv dispersed throughout the cataiys 
ionomer is ™if rmly P ^ „ y blandlng the 

layer. T»a ia« Dla tinised carbon into a 

solubilised ionomer and the Platinise 
oomogeneous si*- from which the thin film cataly 
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is formed. mus trate the significance of film 

Figures 2 and 3 m „,.,,.,„. and gas access and 

» thicKness affecting proton ^"^/"^ent density 
the resulting cell performance. As c 
increases, the active catalyst region narrow^ ^ 
oxidizer gas must ^ir the mass 

- ' « incases the 

" t nti .l An electrode thicKness roughly equivalent 

overpotential. An oarticular current 

. ^^eitv For example, with 20 wt* ^/ 
current £a bricated in accordance with 

30 catalyst and a catalyst lay performance is 

the above principles, reasonable fuel« P 
obtained down to about 0.1 m, Pt/cm , 
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fall, off in proportion to further decrease in cataly.t 
facing Concomitant film thickne...s ar. in th. range of 
1-10 , and preferably 2 to 3 ,. It is «p.=ted 
that catalyst loadings as low as 0.05 eg Pt/cm* -ay b. 
used for an anode catalyst layer without significant loss 
: performance. proved performance eight be obtained 
free a given catalyst layer thickness if a high.r Pt 
loading could be included without increasing the thickness 

10 ° f teT^irrlption of the preferred embodiment, 
of the invention have been presented for purposes of 
iUu.tr.tion and description. It is not xntended to be 
exhaustive or to limit th. invention to the precise fore 
r^sed. and obviously many modifications and variety 

,5 are possible in light of the above teaching. The 

15 Pediments were chosen and described in order to best 
explain the principles of the invention and its practical 
plication to thereby enable ethers skilled in the art to 
best utilize the invention in various embodiment, and with 

20 various modification, as ar. suited to the particular use 
contemplated. It is intended that the .cop. of the 
invention be defined by the claim, appended hereto. 
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wherein tne • * rnnfluctina ionomer 

less than about 0.35 mgPt/cm , where 

leS s tnan oolvmer electrolyte, and at 

disposed between said solid polymer 

S?^r-" " ana ™ £tM convex saia 



05 



""^r P-iin; saia * U. in« «« surface o £ saia .alia 
LctJyte to cur. saia fU- a„a aa^a sa.a fU. 

to said surface; and 

removing said release blank from said film. 



SUBSTITUTE SHEET 



05 



05 



WO 92/15121 W _kPCr/US92/01058 

19 

6 a method according to Claim 5, wherein the step of 
dispersing said catalyst in said ionomer further includes 
the steps of: 

adding a solvent to said ionomer and said catalyst to 
obtain a mixture with a viscosity effective for forming 

said film; and 

agitating said mixture to disperse said catalyst. 

7 A method for fabricating a gas reaction fuel cell 
having a solid polymer electrolyte for separating anodic 
and cathodic electrodes, comprising the steps of: 

. uniformly dispersing a supported Pt catalyst in a 
perf luorosulfonate ionomer; 

forming a thin film of said ionomer with said catalyst; 
transferring said film to a surface of said solid 

polymer electrolyte; and 

urging a porous electrode structure against said film 
to form at least said cathodic electrode. 

8. A method according to Claim 7, further including 
the step of furnishing said perf luorosulfonate ionomer in a 
Na + form. 

9. A method according to Claim 8, further including 
the step of furnishing said membrane as a 
perf luorosulfonate material in a Na + or K + form. 

10. A method according to Claim 8, further including 
the step of converting said thin film of said ionomer to a 
protonated form of said ionomer. 

11. A method according to Claim 7, wherein the step of 
transferring said film comprises the steps of: 

forming said film over a release blank to a selected 

catalyst loading; 

hot pressing said film into said surface of said solid 
polymer electrolyte to cure said film and adhere said film 
to said surface; and 

removing said release blank from said film. 
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12. A 

of 



2 A method according to Claim 11. wherein the step 
dispersing said catalyst in said ionomer. further 

includes the steps of: . 

adding a solvent to said ionoBcr and said catalyst to 
05 obtain a Mixture with a viscosity effective for for^ng 

said film; and * , . ,.,«- 

agitating said mixture to disperse saxd catalyst. 
J A method for fabricating a gas reaction fuel cell 
having' a solid polymer electrolyte membrane for separating 
anodic and cathodic electrodes, comprising the steps of: ■ 
furnishing a , perf luorosulfonate ionomer xn a 

05 dispersing a supported Pt catalyst ^and a 

Na + form of said ionomer to form an ink; 
forming, a 'layer of said ink containing a P~ d f e ™^, 



uniformly dispersing a supported Pt cataxys. ^ 
solvent in said,Na + form of said ionomer to form an xnk; 

forming a ' layer of said ink containing a predeterm 
amount of said catalyst on a surface of said solid polymer 

electrolyte membrane; 

heating said layer of said in* to a te.per.tur. of at 
least 150°c for a time effective to dry said in*; and 

converting said >.a+ for. of said perf luorosulfonate 
ionomer to a protonated form. 

14 A method according to Claim 13, wherexn the step 
•of furnishing said perf luorosulfonate. ionomer in a Na 
form includes the step of adding NaOH to a protonated form 
of said perfluorosulfonate ionomer. _ 

15. A method according to Claim 14, further xncludxng 
the step of furnishing said solid polymer electrolyte 

membrane in a Na + or K + form. 

16. A method according to Claim 13, further xncludxng 
the step of maintaining said membrane planar on a vacuum 
table while forming said layer of said xnk on saxd 
membrane. 
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